Biological removal of nitrogen in artificial domestic water was investigated using immobilized microbes, which were activated sludge and denitrifying sludge directly entrapped in polyvinylalcohol (PVA) gel beads in a suspended bead reactor (SBR). Immobilization was transformed into bioaugmented processes to enhance the removal efciency to pollutants. Optimal environment should be provided for the bioaugmented bacteria during systems'start-up. In the present research, proper dissolved oxygen (DO) concentration, pH, and temperature were controled as a crucial environmental factor on the performances of the immobilized systems. Results showed that the system was efficient in CODCr removal with TN removal efficiency over 85%. This was the rst attempt to evaluate the characters of immobilized sludge system in which shortcut nitrification and denitrification occurred.
Introduction
The traditional nitrogen removal process normally needs two reactors have to be constructed separately for aerobic nitrication catalyzed by autotrophs and anaerobic denitrication by heterotrophs. Compared with it, shortcut nitrification and denitrification could occurred in one reactor, which saves the oxygen required for nitrite oxidation (25% of the total oxygen demand), 40% of the carbon demand, sludge volumes, reaction time and so on [1, 2] .
Immobilization of microorganism offers a promising way for the improvement of the efficiency of bioprocesss in the field of wastewater treatment. Because of simple, reliable, and stable characteristics [3] , more and more research around immobilization of microbes have appeared such as desorbing and recovering Cr(VI) [4] , immobilization catalyzed by ultraviolet [5] , sodium sulfate being a new inducer [6] and et al.
This study describes laboratory methods used to co-immobilize activated sludge and denitrifying sludge
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in small beads and to show the performance of articial bioaugmented biological system.
Materials and methods

Activated sludge and denitrifying sludge
Activated sludge was taken from the Cyclic Activated Sludge System (CASS), which was one unit of the wastewater treatment station that served the scientific research base of Sichuan agricultural university. Denitrifying sludge was cultivated using a modified method of Lichao AN in the laboratory [7] .
Immobilization method
Activated sludge and denitrifying sludge were both centrifuged at 3000 r/min for 10 min, then, removed the supernatants, the rest of it was concentrated sludge (concentrated sludge was rinsed with deionized water and then centrifuged several times). Mixed two concentrated sludge according to weight ratio 1:1. Follow these steps for forming gel beads as described prevously by Lisheng ZHANG [8] .
The composition of synthetic wastewater and the determination of indicators
Synthetic wastewaters used for batch experiments contained (per liter): NH4Cl, 0.20g; NaHCO3, 0.40g; Na2HPO4·12H2O, 0.04g; NaCl, 0.02g; KCl, 0.01g; MgSO4·7H2O, 0.03g and CaCl2·2H2O, 0.01g. Whereasthe concentration of glucose in the wastewater was varied greatly according the desired efficiency. 
Lab-scale equipment and operation mode
The lab-scale device system used in the experiment was shown in Figure 1 . added by 8% of the effective volume of the reactor.Water temperature in the reactor was routinely kept at 30± 1℃ with a thermostatic water bath. A cycled operating period: instant fill, 12 h aeration and rapid draw. All the wastewater in the study was sampled before the effluent of the system was stable for over 10 days continuously.
Results and discussion
Nitrogen removal under different DO concentration
The influent profiles of NH4+-N and COD Cr concentrations were about 55mg/L and 280mg/L, separately. After 20 days of acclimation, the reactor started vigorous biodegration.
DO concentration in the reactor was setted at 2.0, 4.0 and 5.5mg/L via an aeration gas rotameter. Each DO setting sustained for 7days. NH (Fig. 1A) because ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NOB) propagated very slowly when DO was at a low level [9, 11] . And mass transfer properties between liquid and beads were low.
The optimum removal efficiency of NH hour, which were congruent with the above observations under different DO (Fig. 2) . It was probable that when influent COD Cr became 700mg/L, the curve is smooth and NO 2 --N didn't accumulatied during the cycled period. With the decrease of C/N ratio, concentration of free ammonia was relatively higher and effect growth of AOB and NOB, while NOB were more vulnerable [13] .
Effect of CODCr on nitrification and denitrification
With the increase of influent COD Cr , the removal efficiency of TN increased from 73.66% to 91.03%, but the removal rate enhanced only 5.76% along with increase of influent COD Cr from 300 to 750mg/L. In this study COD Cr concentration threshold was about 300 mg/L, which didn't only ensure carbon source enough but also accumulated NO 2 --N in favor of short nitrification and denitrification.
Effect on removal rate by temperature
The operational parameters were same except temperature that was set at 30℃, 25℃ and 20℃.Results were showed in Table 2 . The bioaumgent system fulfilled the shortcut nitrification and denitrification when temperature was 25 and 30 .
℃ Effluent NO 3 --N did not significantly increase along with increment of NO 2 --N, which accouted more than 90% of the total of NO 2 --N and NO 3 --N. When 20 was a low temperature, ℃ the TN and NH 4 + -N removal rate decreased by 18.34% and 43.02%. In generally, the optimum growth temperature of AOB and NOB are different. And shortcut nitrification and denitrification need higher appropriate temperature (30-35℃), which restrain NOB but AOB, to occurred [14] . On the other aspect higher pH also repress NOB as well as temperature [11] , 
